ABSTRACT
Introduction

51
Marine phytoplankton communities respond rapidly (days to weeks) to changes 2) to investigate the major hydrographic parameters that influence taxonomic segregation of 122 phytoplankton blooms from the upper 50 m in the Labrador Sea, 123 3) to discuss the major environmental drivers for specific phytoplankton groups (e.g.
124
Phaeocystis pouchetii and diatoms) in this high latitude sea. Shelf is a seasonal ice zone, where sea ice starts forming in mid-January, reaching its 145 maximum at the end of March and starts to melt in May (Wu et al., 2007) .
146
The shallow fresh and cold WGC presents a mixture of low salinity Arctic water from 147 the EGC and Greenland ice melt (collectively sourced from glaciers, icebergs and Greenland 148 ice surface melts). The WGC is also influenced by the relatively warm and saline Atlantic 149 water, which, in turn, originates from the Irminger Current (IC) (Yashayaev, 2007 150 (Fig. 1) . Sea ice is prevented from forming on the Greenland Shelf, although icebergs are 
156
The Labrador Sea is a region with complex, yet, well-structured hydrography also sampled in the Labrador Sea (Fig. 1) .
197
Vertical continuous profiles of temperature, salinity and chlorophyll fluorescence 198 were measured with a CTD/rosette system. Water samples were collected on the upward 199 CTD casts using 10-L Niskin bottles mounted on a rosette frame. Mixed layer depths were 200 calculated from the vertical density (σƟ) distribution and defined as the depth where σƟ 201 changes by 0.03 kg m -3 from a stable surface value (~10 m) (Weller and Plueddemann, 1996) .
202
As this mixed layer depth criterion presents limitations in accurately identifying weakly 203 versus strongly stratified water masses, an additional and more robust criterion was used to 204 measure stratification -a stratification index (SI). In this study, the SI was calculated as the bottles for later phytoplankton species identification and enumeration in the laboratory.
213
Discrete water samples were collected for chlorophyll a (chla) and nutrient analysis between 214 the surface to a depth of 100 m at every 10 m or 25 m intervals (for more details, see Figure   215 9, supplemental material). Samples for nutrient analysis were frozen at -20°C and measured 216 using an autoanalyzer (Alpkem RFA-300) or manually (ammonium, NH4 + ) using the 217 hypochlorite method of Solórzano (1969) calculated from cell counts and carbon derived from POC analysis showed good agreement.
279
The goodness-of-fit was confirmed by visually observing the normal distribution of the Cluster was applied to arbitrarily define bloom conditions at the upper 50 m.
303
The similarity percentage analysis (SIMPER) routine was used to explore the 304 dissimilarities between Clusters and the similarities within Clusters of samples. Moreover, ) and seasonally (from early May until late June) during the period of study (Fig. 2b) .
345
In spite of the interannual variability, the T-S properties of the surface/subsurface ice melt (Fig. 2b) . However, instances of extremely fresh and cold waters were also found in spatially and temporally across the Labrador Sea (Fig. 3) . In general, the temporal variation 365 in nutrient concentrations (nitrate, silicate, phosphate and Si* (silicate minus nitrate 366 concentration)) had similar trends during May and June (Fig. 3a-f , 3i-l), except ammonium 367 concentrations, which were clearly higher in the Central Basin and Greenland Shelf and 368 Slope (median > 0.8 µM) during June (Fig. 3g,h ). In general, nitrate, silicate and phosphate 369 concentrations were lowest on the Greenland Shelf and Slope (Fig. 3a-f) . Median nitrate 370 concentrations were clearly higher in the Central Basin (> 8 µM in May and > 5 µM in June),
371
( Fig. 3c,d ). Median silicate concentrations were greater in the central western part of the May and > 0.5 µM in June) and decreased eastwards (Fig. 3e,f) .
376
The central Basin had median Si* < 0 µM, which suggests that the phytoplankton 377 from these regions experienced, in most cases, an excess of nitrate compared to silicate (Fig. 3i,j) . The Labrador Shelf had higher median Si*, particularly during June (Si* up to 1 381 µM) (Fig. 3j ) and the Greenland Shelf had Si* values approaching zero (Fig. 3i,j) . The (Fig. 4b,e) . (Fig. 5a) . A stress level < 0.2 in the nMDS plot (Fig. 5a) (Fig. 5c, d, Phaeocystis pouchetii contributed up to almost 90% of the cumulative similarity (Table 1) .
453
Samples from this Cluster occurred only in the central region of the Labrador Sea and later in 454 the season (mid-summer; late June) during 2014 (Fig. 5f ).
455
The prymnesiophyte Phaeocystis pouchetii was the major contributor to samples in
456
Cluster 5 (n = 28), with the third highest average biomass (248 ± 181 mg C m -3 ) ( Table 1) . 
463
( Fig. 5b-f ).
464
Cluster 6 (n = 2) comprised two samples from Greenland Shelf waters during summer 465 2014 ( Fig. 5f ), with relatively low biomass (87 ± 14 mg C m -3 ) ( Table 1) . Small (e.g. C.
466 socialis) and medium-sized diatoms, such as Chaetoceros spp. (e.g. C. decipiens),
467
Thalassiosira spp. and Rhizosolenia hebetata f. semispina, in addition to the flagellate P.
468
pouchetii contributed up to 77% of the similarity for these samples (Table 1) .
469
Cluster 7 (n = 2) stations also had relatively low average biomass (33 ± 4 mg C m -3 ) Corethron criophilum, in addition to P. pouchetii and dinoflagellates (small unidentified 474 naked) contributed mostly to the similarity for these samples (Table 1) . Clusters 3 and 7) were common in less stratified waters (median SI = 0.1 x 10 3 kg m -4 ) and 508 higher nitrate (median > 9 μM), phosphate (median > 0.7 μM) and silicate (median > 4.5 μM) 509 concentrations (i.e. pre-bloom conditions) (Fig. 6, Table 2 ).
510
The first axis (x-axis) of the analysis explained most of the variance (eigen-value = 511 23.9%, cumulative percentage variance between taxa and environmental factors = 58.0%),
512
whereas all canonical axes explained 98.3% of the variance (axis 1, p = 0.001; all axes, p = 513 0.001) (Fig. 6, Table 3 ). This means that (1) the arrows displayed closer to the x-axis 514 explained most of the variability in the data, and that (2) environmental variables explained 515 almost 100% of the variation of the selected taxa, when all four axes were analysed together.
516
Forward selection showed that of all seven environmental factors ( Test of significance of first canonical axis: eigen-value = 0.239; F-ratio = 20.702; P-value = 0.001 ** Test of significance of all canonical axis: Trace = 0.412; F-ratio = 6.606; P-value = 0.001** 550
Bloom development
551
To investigate the influence of hydrography on near surface (< 50 m) bloom phytoplankton communities observed in this study (Table 1) . Shelf blooms, such as those Table 2 , Fig. 7a,b) . Stations with shallow mixed layers
562
(median < 25 m) and a higher stratification index (median SI > 5 x 10 3 kg m -4 ) (Fig. 7c,d ),
563
also had relatively high average biomass in terms of carbon and chlorophyll a (Fig. 7a,b, 564 Table 2 ). Low salinity waters (median < 33), found on the shelf (particularly Clusters 1 and Table 2) . 
590
Blooms on the Labrador Shelf were comprised of Arctic and sea-ice diatoms that 591 were able to grow in cold (< 0°C) and relatively fresh waters (< 33) ( Table 2 ). In our study, (Yallop, 2001 ); similar to conditions 628 found in this study (Fig. 6, Table 2 ). Fragilariopsis atlantica co-dominated with E. 
Environmental controls on Phaeocystis versus diatoms
640
In our study, all phytoplankton blooms were found in shallow mixed layers (median 641 depth < 25 m) and stratified waters (median SI = 1 x 10 3 kg m -4 ) ( waters compared to the central eastern section of the Labrador Sea (Fig. 3k,l) which was restricted to the upper mixed layer (< 25 m) (Fig 8 and 9 , supplemental material). Phaeocystis from waters east of Greenland. In the northwest Atlantic, however, filtration
709
rates for a mixed-species Calanus population from the Newfoundland Shelf were ~2.5 lower 710 when they were feeding on natural seawater containing mainly Phaeocystis compared with 711 when they were feeding on seawater that had a similar overall chlorophyll a concentration but 712 contained a mixture of diatoms (Head and Harris, 1996) . 
5-Conclusion
745
In this study we have shown that phytoplankton community structure from the 
765
In this study, shelf blooms occurred due to haline-driven stratification, whereas the 
